Volar locking plate (VLP) fixation has become the standard surgical technique for unstable distal radius fractures (DRFs). Flexor tendon rupture is one of the major complications after volar plating. The published studies on distal radius anatomy have focused on distal limit and watershed line should be taken into account to reduce the incidence of flexor tendon attritional injury during volar plating of distal radius.
Volar locking plate (VLP) fixation has become the standard surgical technique for unstable distal radius fractures (DRFs). Flexor tendon rupture is one of the major complications after volar plating. The published studies on distal radius anatomy have focused on distal limit and watershed line should be taken into account to reduce the incidence of flexor tendon attritional injury during volar plating of distal radius.
The Watershed Line Concept
Windisch et al 1 were the first to describe the area where the capsule inserts between two lines and two contours on the volar aspect of the distal radius. They also reported a protuberance, which they termed the promontory of the radius. 2 In 2006, Orbay and Touhami 3 reported that the concave surface of the volar radius was limited distally by a transverse ridge or watershed line. Implants placed over or projecting above the watershed line can potentially irritate the flexor tendons and finally rupture them. Gasse et al 4 confirmed the presence of these two easily recognizable lines in 70 distal radius specimens from cadavers; the ulnar column was found to be longer distally than the radial column, and the radial styloid process was not within the distal radius plane.
Macroscopic Characteristics of Volar Distal Radius
We investigated the macroscopic appearance of the volar aspect of the distal radius in 20 cadaver specimens to clarify the relationships of the distal radius, the volar radiocarpal ligaments, and the pronator quadratus. 5, 6 In the ulnar aspect, the volar radius had two main distal transverse lines indicating the bony prominence. One comprised the distal higher line (bold black dotted line in ►Fig. 1) and the other comprised the proximal lower line forming the distal bony ridge of the pronator fossa (thin black dotted line in ►Fig. 1). In the radial aspect, these two lines merged. The volar radius also had ulnar and radial bony prominences (white and black dots in ►Figs. 1 and 2) on the distal higher line, which were clearly identified in 20 specimens even on the articular capsule and radiocarpal ligaments. The ulnar bony prominence was larger than the radial bony prominence and it was the highest point on the volar aspect of the distal end of the radius. A line connecting the distal margin of the pronator quadratus (small thin black dotted line in ►Fig. 1) did not correspond to the distal ridge of the pronator fossa. We also showed that the flexor digitorum profundus (FDP)-II tendon of the second finger ran on the lateral surface of the ulnar prominence of the volar distal end of radius. 7 The flexor Keywords ► distal radius fracture ► anatomy ► volar locking plate Abstract Volar locking plate (VLP) fixation has become the standard surgical treatment for distal radius fractures. However, flexor tendon rupture is one of the major complications following volar plating. This detailed review on the anatomy and morphology of the volar distal radius might facilitate appropriate placement of the volar plate and thereby avoid flexor tendon rupture. We introduce safe and secure VLP fixation along standard surgical procedures to avoid complications based on anatomy of the volar surface of the distal radius.
pollicis longus (FPL) tendon ran just lateral to the FDP-II tendon in all 26 specimens in this study. 7 Therefore, the ulnar bony prominence (white dot in ►Fig. 2) was recommended to be a good landmark of the distal limit for safe plate positioning (the safe zone). The dangerous zone of flexor impingement was on average 11 AE 1 mm radial to the ulnar bony prominence of the volar distal end of the radius. In the dangerous zone, volar implants should not protrude anterior to the rim of the distal radius 6 (►Fig. 2). The multidirectional computer tomography study examining the anatomical relationship between the flexor tendons and the bony prominences in 50 normal wrist joints 8 indicated that the FPL tendon ran from the ulnar corner of the distal radius in 56% of cases (►Fig. 3). Limthongthang et al 9 also used a computer modeling to study the location of the FPL tendon. At the watershed line, the FPL was located at 54% of the maximal width of the radius as measured from its volar ulnar corner.
Microscopic Analysis of Volar Distal Radius
The serial sagittal histological sections of the wrist regions demonstrated the positional relationship of the volar aspect of the distal radius, pronator quadratus, intermediate fibrous zone, and radiocarpal ligaments 5 in ►Fig. 4. The distal end of the volar radius was classified into two general parts: the radial and ulnar halves. In the ulnar half (►Figs. 4A, 4B, 4C), two bony demarcation points were observed on the volar surface of the distal end of the radius: the proximal point (indicated by the asterisks) and the distal point (indicated by the black dots). In the radial half (►Figs. 4D, 4E), one bony demarcation point (indicated by the asterisks) was observed in each section. In the ulnar section of the lateral half (►Fig. 4D, 4E), the two demarcation points overlapped. In these histological sections, the watershed line might not be a distinct line and corresponded to the distal margin of the pronator fossa in the radial aspect of the volar radius and to a hypothetical line between the distal higher and proximal lower lines in the ulnar aspect. The radial and ulnar bony prominences on the volar radius should be considered as key structures for accurate plate placement to avoid flexor tendon injury. 
Volar Morphology of the Distal Radius: A Quantitative Analysis
Oura et al 10 observed the anatomical shape of the volar surface of the distal radius and the location of the FPL tendon based on computed tomography (CT) scans of 70 normal forearms examined with the axial crosssectional views with 2 mm intervals. The volar surface of the distal radius was concave in the axial plane in all the forearms. The radial longitudinal deficiency (RLD), which is the maximum depth from line L to the volar surface of the radius at the level of the volar edge of the lunate fossa was 1.3 AE 0.6 mm. This value increased gradually, reaching the maximum (1.7 AE 0.8 mm) at 6 mm from the origin and then progressively decreased toward the proximal radius. The FPL was closest to the radius at 2 mm proximal to the palmar edge of the lunate fossa and the volar surface of the distal radius was supinated from proximal to distal (θ angle: average amount of external rotation was 10.1 AE 3.4 degrees, ►Fig. 5).
In a quantitative analysis of 200 standardized lateral wrist radiographs by Yoneda et al, 11 the authors reported the teardrop height ratio (RTH) and the teardrop inclination angle (TIA) representing the volar projection of the lunate facet of the distal radius to be 0.42 (0.30-0.56) and 28.8 degrees (9.9-44.9 degrees), respectively (►Fig. 6). They analyzed the influence of the teardrop morphology by analyzing the fit of the three locking plates to three radii with differing teardrop inclination angles using a three-dimensional (3D) computer-aided design system. They also investigated the interindividual variation in the shape of the teardrop and its influence on the fit of the volar plate, highlighting the importance of careful plate selection to achieve osteosynthesis of bones with a high teardrop inclination angle (►Fig. 6).
Pichler and colleagues 12 measured the profile of the volar distal radius of 100 cadaver specimens with a common profile gauge. The mean circular arc radius of the distal volar surface was 2.6 cm on the radial side and 2.3 cm on the ulnar side. In 37% of these cases, the circular arc radius flattened toward the ulnar side while in 63%, it flattened toward the radial side. They concluded that these characteristics may lead to malrotation of the distal fragment following VLP fixation of DRFs. An inadequate plate position may result in the flexor tendon irritation due to the discrepancy between the plate radius curvature and the radius curvature of either the radial or ulnar aspect of the distal radius.
Andermahr et al 13 measured 48 distal radius specimens using 3D-CT scans to quantify the anatomical details of the volar part of the lunate facet of the distal radius. They observed that the volar lunate facet projected approximately 3 mm (or 16% of the dorsal-volar height of the lunate facet) anterior to the flat volar surface of the distal radius and was approximately 5 mm thick. Their findings may explain its relative vulnerability to injury and the difficulty encountered when trying to secure it with a plate and screws.
To avoid complications in the VLP fixation, we propose safe and secure fixation area for the plate in standard surgical procedures based on the volar distal radius anatomy. The first step is to explore the intermediate fibrous zone and the distal part of pronator quadratus muscle at the volar distal radius precisely to visualize the exact plate placement. Anatomic reduction of the volar cortex, which facilitates restoration of the radial length, inclination, and volar tilt, is the second step. It is important not to leave the dorsal and rotational deformities.
The third step is to place the distal edge of the VLP to the volar surface of the radius proximal to the watershed line and without any interval between the plate and the radius. The fourth step is the precise drilling and maneuvering of screws, followed by checking their reduction and position of plate and screws by fluoroscopy or arthroscopy. The final step includes the coverage of the distal part of VLP by soft tissues, including the intermediate fibrous zone and the pronator quadratus, to reconstruct the smooth gliding surface of the flexor tendons.
Note
No benefits in any form have been received or will be received related directly or indirectly to the subject of this article. 
